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ACTUATOR FOR AUTOMATIC INK REFILL SYSTEM 

Field of the Invention 

The present invention generally relates to filling containers with fluid, 
5 and more specifically relates to refilling printer ink cartridges. 

Background of the Invention 

Inkjet printers are a popular form of printer used with computers and 
similar applications involving document printing or graphics preparation. Typical ink 
jet printers have replaceable ink jet cartridges with built-in print heads. While 

10 replaceable ink jet cartridges are a convenient manner of supplying ink to such printers, 
the cartridges are necessarily expensive due to their complexity and the provision of 
print heads with the cartridges. Cartridges provided by manufacturers are typically not 
designed to be refilled when the ink supply runs out. It is well known, however, that 
such cartridges have useful lives significantly longer than that provided by the initial 

1 5 supply of ink. As a result, there have been substantial efforts directed at providing a 
simple, easy-to-use system for refilling cartridges with ink. 

Known ink cartridge refill systems may have certain drawbacks related 
to ink flow from the ink refill system to the printer cartridge. Therefore, additional 
efforts have been directed at providing reliable, consistently functioning systems for 

20 refilling printer cartridges with ink. 

Summary of the Invention 

The present invention provides an ink refill device and method for 
refilling an ink reservoir(s) of a printer ink cartridge. The ink refill device includes an 
ink container that defines an internal ink tank(s) containing ink, drain and vent members 
25 that are adapted and arranged to replenish the ink reservoir(s) with ink from the ink 
tank(s), and a pressure varying member configured to vary a pressure condition in the 
internal ink tank to initiate ink flow in the drain conduit. 
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One method according to principles of the present invention relates to 
refilling an ink chamber of a printer ink cartridge. The method includes coupling an ink 
container having at least one ink reservoir to the printer ink cartridge, coupling the at 
least one ink reservoir in ink flow communication with the ink chamber, coupling the at 
5 least one ink reservoir in air flow communication with the ink chamber, and altering 
pressure in the ink reservoir to initiate the ink flow communication. 

Brief Description of the Drawings 

A more complete understanding of the invention and its advantages will 
be apparent from the Detailed Description taken in conjunction with the accompanying 
10 Drawings, in which: 

Figure 1 is a front perspective view of an ink refill apparatus including 
features that are examples of how certain inventive concepts can be put into practice; 

Figure 2 is a perspective view of a refill system base including features 
that are examples of how certain inventive concepts can be put into practice; 
1 5 Figure 3 is a perspective view of a printer ink cartridge fill hole opener 

including features that are examples of how certain inventive concepts can be put into 
practice; 

Figure 4 is a perspective view of an example foam drill for use with a 
printer ink cartridge and includes features that are examples of how certain inventive 
20 concepts can be put into practice; 

Figure 5 is an exploded perspective view of the apparatus of Figure 1 
and the base of Figure 2; 

Figure 6 is a perspective view showing engagement between a printer 
ink cartridge and the fill hole opener shown in Figure 3; 
25 Figure 7 is a perspective view showing insertion of the foam drill shown 

in Figure 4 into fill holes of an ink cartridge; 

Figures 8 A and 8B are perspective views showing preparation of the 
base shown in Figure 2 for receiving an printer ink cartridge; 



2 



Figure 9 is a perspective view showing a printer ink cartridge mounted in 
the base shown in Figure 2; 

Figure 10 is a perspective view showing ink tank stoppers being 
removed from the ink refill conduits of the ink refill apparatus shown in Figure 1; 

Figure 1 1 is a perspective view showing insertion of the combined 
printer ink cartridge and base shown in Figure 4 into the ink refill apparatus shown in 
Figure 1; 

Figure 12 is a perspective view showing the ink refill apparatus shown in 
Figure 1 positioned to fill a printer ink cartridge; 

Figure 13 is a perspective view showing removal of the combined printer 
ink cartridge and base shown in Figure 4 from the ink refill apparatus shown in Figure 

i; 

Figure 14 is a perspective view showing replacement of the ink tank 
stoppers onto the ink refill conduits of the ink refill apparatus shown in Figure 1; 

Figure 15 is a perspective view showing the combined printer ink 
cartridge and base with the printer ink cartridge at least partially refilled and prepared 
for removal from the base; 

Figure 16 is a perspective view of the printer ink cartridge shown in 
Figure 15 being removed from the base; 

Figure 17 is a cross-sectional view of the assembly shown in Figure 12 
taken along cross section line 17-17; 

Figure 18 is a cross-sectional view of the assembly shown in Figure 12 
taken along cross section line 18-18; and 

Figure 19 is a perspective view of another example ink refill apparatus 
that includes a compressible side wall according to principles of the present invention. 

Detailed Description of the Preferred Embodiment 

The present invention provides an ink refill system for filling a refillable 
container such as a printer ink cartridge. The refill system includes an ink refill 
apparatus that includes an ink tank containing refill ink, at least one ink conduit 



configured to provide ink flow communication with the container to be filled, and a 
venting structure configured to provide venting in the container to be filled during ink 
flow communication. When in use, the refill apparatus facilitates ink flow from the ink 
tank of the ink refill apparatus to the container to be filled with ink. The following 
5 detailed description, with reference to Figures 1-19, describes an ink refill system, an 
ink refill kit that includes an ink refill apparatus, and a method of using an ink refill 
system. 

As used herein, the terms !, printer ink cartridge", "ink cartridge", "printer 
cartridge", and "cartridge" generally refer to an ink cartridge for an ink jet printer. A 

10 printer ink cartridge may be configured to include an inlet port that facilitates fluid 

communication with an interior chamber of the cartridge. The present invention utilizes 
such an inlet port of an ink cartridge to refill the cartridge using an easy-to-use method 
and apparatus, examples of which are described herein. The term "pump" is defined as 
any structure that causes movement of a fluid (i.e., air or liquid) when actuated. A 

15 "compressible member" is defined as a structure that can be deformed or compressed 
and may include similar structures such as, for example, an air bladder, a bubble 
structure, a diaphragm, and a packet, and may have any shape and size suitable for use 
with the present invention. 

An example ink refill system is shown in perspective view in Figures 1- 

20 4. The refill system includes an ink refill apparatus 12 (see Figure 1), a base member 
(see Figure 2), a fill hole opener 16 (see Figure 3), and a foam drill 18 (see Figure 4), 
which system components have numerous features that are examples of how inventive 
concepts disclosed herein can be practiced. The components shown in Figures 1-4 may 
be part of a refill kit in which some or all of the components are included together in a 

25 package. 

The refill apparatus 12 (see Figures 1, 5, 17 and 18) includes an upper 
housing member 30, a lower housing member 32, a plurality of drain conduits 34, a 
plurality of vent conduits 36, a plurality of fill openings 38, and a plurality of ink 
stoppers 42 associated with the pairs of conduits 34, 36. The upper and lower housing 
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members 30, 32 are coupled together to define a cavity in which the conduits 34, 36 
reside and a printer ink cartridge may be positioned for refilling. 

The upper housing member 30 includes first, second, and third ink tanks 
44, 46, 48 and first, second and third pump assemblies 50, 52, 54. The ink tanks 44, 46, 
5 48 are defined by an outer wall 45, first, second and third inner walls 47, 49, 5 1, and a 
bottom wall 53 (see Figures 5 and 18). The pump assemblies 50, 52, 54 each include a 
recess 56 formed in the outer wall 45, and a compressible member 58 that defines an 
inner cavity or other structure that is in fluid communication with one of the ink tanks to 
vary a pressure condition within the ink tanks. An aperture 60 (see Figures 17 and 18) 

10 may be positioned between the compressible member 58 and one of the ink tanks 44, 
46, 48 to facilitate fluid communication between the compressible member 58 and the 
ink tanks 44, 46, 48. The compressible member 58 may include a resilient, elastic 
material that can be pushed to compress the inner cavity of the compressible member 
and then expand back to the non-compressed state. In some embodiments, the 

15 compressible member 58 may be a separate member that can be coupled to the outer 
wall 45, while in other embodiments the compressible member 58 is integrally formed 
with the outer wall 45 as a continuous piece of material. 

The lower housing member 32 includes a side wall 62 that is coupled to 
the first housing member 30 at one end and defines an opening 64 at an opposing end 

20 for receiving a printer ink cartridge for refilling. First and second track portions 66, 68 
are formed in the side wall 62 and are configured as guides for aligning a printer ink 
cartridge relative to the conduits 34, 36 for refilling the cartridge (see Figures 1, 5 and 
1 1). The side wall 62 may have other features formed therein to assist in aligning and 
maintaining the printer ink cartridge in a desired refill position. In other embodiments 

25 (not shown), the ink refill apparatus may include only an upper housing member, which 
configuration would require a more manual alignment of the printer ink cartridge with 
the conduits 34, 36. In still further embodiments (not shown), the first and second 
housing members 30, 32 may have different shapes and sizes to accommodate different 
styles and brands of printer ink cartridges and different amounts and colors of ink. 
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The upper and lower housing members 30, 32 may include a transparent 
or translucent material, such as, for example, a clear polymer material that permits 
visualization of the ink held in the ink tank and alignment of an printer cartridge in the 
lower housing member 32. In one embodiment, the upper and lower housing members 
5 30, 32 include a rigid or semi-rigid material except for those portions of the housing 
members that include a more resilient and deformable material or structure that 
functions to vary a pressure condition in the ink tanks 44, 46, 48. 

The drain conduits 34 having first and second ends 33, 35 (see Figures 
17 and 18), with the first end 33 being exposed to ink within one of the ink tanks 44, 46, 

10 48 and the second end 35 being exposed outside of the upper housing member 30. 

Preferably, the first end 33 is oriented at or near the bottom internal wall 53 of the upper 
housing member 30 to facilitate a complete emptying of the ink tank. The vent conduit 
36 has first and second ends 37, 39 (see Figure 17), with the first end 37 being exposed 
to air within one of the ink tanks 44, 46, 48 and the second end 39 being exposed 

15 outside of the upper housing member 30 (see Figures 10-14, 17 and 18). 

The fill openings 38 (see Figures 5, 17 and 18) may each include a seal 
member 40 that controls access through the openings 38 into one of the tanks 44, 46, 
48. The seal member may be a reusable gasket that is removable and replaceable in the 
fill openings 38, or may be a pierceable member that maintains a seal even after pierced 

20 by a refilling structure such as a needle. 

The ink stoppers 42 may be used to cover the conduits 34, 36 
individually or in pairs of drain and vent conduits as shown in Figures 1,10 and 14 in 
order to prevent ink from flowing out of the conduits 34, 36 when the conduits 34, 36 
are not inserted into a printer ink cartridge. The ink stoppers 42 may have different 

25 configurations in other embodiments (not shown) for example, for coupling to 
individual conduits or for coupling to more than two conduits at the same time. 

The base member 14 (see Figures 2, 5, 8A, 8B, 9, 12, 13 and 15-18) 
includes a cartridge seat 70, a guide support 72, a guide 74 having a plurality of 
apertures 78, and first and second latch arms 78, 80. The cartridge seat 70 may be 

30 configured to receive a printer ink cartridge 90 in a upright position with a print head 96 
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of the cartridge 90 oriented downward in the seat 70 and a plurality of fill holes 98 of 
the cartridge 90 oriented upward. When the cartridge 90 is positioned in the seat 70, the 
guide support 72 holds the guide 74 in a position adjacent the fill holes 98 of the 
cartridge 90. As shown in Figures 8A and 8B, the guide 74 may be movable between 
5 lowered and raised positions (respectively), wherein when in the raised position the 
guide is positioned to support the cartridge 90 with the conduit apertures 76 in 
alignment with the fill holes 98. In some embodiments, the guide 74 may be biased into 
a raised position so the guide 74 is prepared to receive the cartridge 90, or may be 
biased into a closed position thereby providing a biasing force against the cartridge to 

10 assist in holding the cartridge in a mounted position in the base 14. 

The latch arms 78, 80 extend from the cartridge seat 70 and are 
configured to engage and releaseably latch with the first and second track portions 66, 
68 formed in the lower housing member 32. The latch arms 78, 80 may include snap-fit 
or interference fit features that provide for a quick release of the base 14 from the ink 

15 refill apparatus 12. The base 14 may include other features that engage features of the 
ink refill apparatus to facilitate alignment of the conduits 34, 36 in the fill holes 98 of 
the cartridge 90 and coupling of the base 14 to the ink refill apparatus 12 when the 
combined cartridge 90 and base 14 are inserted into the ink refill apparatus 12. 

The fill hole opener 16 (see Figures 3 and 6) includes a plurality of fill 

20 hole drivers 84 configured to engage and remove fill hole plugs (not shown) from the 
fill holes 98, and a guide member 82 that supports an end of the cartridge 90 when the 
drivers 84 are brought into engagement with the fill hole plugs. Removal of the fill hole 
plugs from the fill holes 98 is typically necessary in order to refill the cartridge 90 with 
refill ink. 

25 The foam drill 18 includes a handle portion 84 and a drill portion 86, and 

is configured for insertion into the fill holes 98 of the cartridge 90 to engage and drill 
foam 92 (see Figures 17 and 18) within the cartridge 90 thereby opening a channel for 
increased ink flow into the cartridge 90. The drill portion 86 may, in other 
embodiments, include additional drilling features such as a pointed end, a protrusion 
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extending laterally from the drill portion, or other feature that facilitates increased 
drilling of the cartridge foam 92. 

According to a method of using the ink refill system of the present 
invention, the various features shown in Figures 1-4, 17 and 18 are used according to 
5 the steps shown in Figures 6-16. An empty or at least partially empty printer ink 

cartridge 90 is prepared for refilling by first being brought into engagement with the fill 
hole opener 16 to remove the fill hole plugs (not shown) from the cartridge 90 thereby 
opening the fill holes 98 (see Figure 6). The drill portion 86 of the foam drill 18 is then 
inserted into the fill holes 98 (see Figure 7) to open an ink flow passage in the foam 92 

10 (see Figures 17 and 18) of the cartridge 90. The foam drill 18 may be rotated with the 
handle portion 84 to facilitate opening an ink flow passage in the foam 92 sized to 
receive the tubes 34, 36. This drilling action may be performed for each of the fill holes 
98 and repeated as necessary to move or loosen the foam 92 for later insertion of the 
tubes 34, 36. Drilling the foam 92 with the foam drill 18 may also prevent damage to 

15 the foam that may otherwise occur, which damage may affect ink dissipation from the 
cartridge 90. If the cartridge 90 includes different colors in separate chamber that are 
accessible through separate fills holes 98, it is recommended that the foarfi drill 18 be 
wiped off before insertion into separate fill holes. 

The base 14 is prepared for receiving the cartridge 90 by lifting the guide 

20 74 from a lowered position (see Figure 8A) to a raised position (see Figure 8B), and the 
cartridge 90 is mounted in the cartridge seat 70 with the fill holes 98 of the cartridge 90 
in alignment with the conduit apertures 76 in the guide 74 (see Figure 9). In some 
embodiments, the base 14 may include locking features that provide a latching or other 
type of positive attachment of the cartridge 90 to base 14. 

25 The ink refill apparatus 12 is prepared for receiving the printer cartridge 

90 by turning the apparatus 12 upside down with the opening 64 of the lower housing 
32 facing upward and the ink stoppers 42 accessible for removal (see Figure 10). 
Slowly removing the ink stoppers 42 exposes the conduits 34, 36 and reduces 
splattering of ink held in the ink stoppers 42. The combined base 14 and cartridge 90 

30 are then lowered into the second housing member 32 with the latch arms 78, 80 in 



alignment with the first and second track portions 66, 68, and the conduits 34, 36 in 
alignment with the fill holes 98 of the cartridge 90 (see Figure 11). In some 
embodiments, the latch arms 78, 80 may latch or otherwise releaseably lock into place 
relative to the lower housing member 32 at a predetermined position wherein the 
5 conduits 34, 36 are properly positioned within the fill holes 98. 

With the cartridge 90 and base 14 coupled to the ink refill apparatus 12, 
the assembly of components is turned upright with the upper housing 30 vertically 
above the cartridge 90 (see Figure 12). Preferably, the outer wall 45 of the upper 
housing 30 is transparent so that a user can watch for bubbles rising in the ink tanks 44, 

10 46, 48, which bubbles indicate ink flow through the drain conduits 34 into the cartridge 
90. If ink does not flow automatically (as indicated by the generation of bubbles in the 
ink tanks or the lowering of ink levels in the ink tanks), the compressible member 58 of 
the pump assembly 50, 52, 54 associated with the stagnant ink tank may be 
compressed/engaged thereby changing a pressure condition in the associated ink tank 

1 5 (e.g., the pressure in the ink tank will increase when the corresponding pump assembly 
is engaged/compressed). Changing a pressure condition in the ink tank initiates ink 
flow in the drain conduit 34. Once ink flow is initiated in each of the desired drain 
conduits, the cartridge will automatically fill with ink until filled to a predetermined 
level established by the configurations of the drain and vent conduits 34, 36. 

20 A filled condition in the cartridge 90 is typically manifest when there are 

no longer bubbles being formed in the ink tanks 44, 46, 48 and the ink levels in the ink 
tanks 44, 46, 48 is no longer changing. Once the cartridge 90 is filled to the desired 
level, the assembly is turned upside down again (see Figure 13), the combined cartridge 
90 and base 14 are removed from the ink refill apparatus 12 (see Figure 13) and turned 

25 upright again (see Figure 15), the ink stoppers 42 are replaced on the conduits 34, 36 
(see Figure 14), and the filled cartridge 90 is removed from the base 14 (see Figure 16). 

After completing the process of filing cartridge 90, the user may check 
for ink flow from print head 96. If there is not ink already shown on print head 96 
(which would indicate that cartridge 90 is ready for use), the user may imprint or press 

30 print head 96 on a tissue to see if there is any ink in the print head that will flow into the 



tissue. If there is no ink in print head 96, the user may force ink into print head 96 by 
inserting a blower (not shown) into a breather hole or other venting opening in the 
cartridge 90 to force ink into the print head 96. When ink appears on print head 96 or if 
ink flows onto a tissue against which print head 96 is imprinted, cartridge 90 is ready 
5 for use. 

In operation, the invention is based on the general principle that, in a 
closed system, the flow of a liquid out of a system must be balanced by an equal volume 
of fluid into the system. Thus, the ink refill apparatus consists of three basic elements: 
an enclosed ink tank filled with ink, a drain conduit, and a vent conduit. The open 

10 lower ends of the drain and vent conduits are inserted into the lower bottom portion of a 
printer ink cartridge. If the ink level in the cartridge is low, ink flows out of the drain 
conduit and seeps into the foam of the cartridge, causing a vacuum pressure condition in 
the ink tank that acts to draw air up through the vent conduit into the ink tank. When 
the ink level in the cartridge rises to the lower opening of the vent conduit, the ink seals 

1 5 the vent conduit so that air can no longer get into the ink container, thus shutting off the 
ink flow into the cartridge. Thus, a refill system can be designed to fill a cartridge to a 
predetermined level based on the length of the vent conduit. Some embodiments may 
include separate vent openings for the ink tank and the cartridge that are not be in fluid 
communication with each other. In such a configuration, the ink would flow in the 

20 drain conduit until the cartridge is filled to the level of the vent. This type of 

configuration may result in less control over predetermined ink levels in the cartridge as 
compared to the system described above with reference to Figures 1-18 and may have a 
problem with ink leakage out of the vent opening in the cartridge. 

The present invention is clean and "automatic" in that it operates on 

25 gravity. In theory, the flow of ink through the drain conduits should be automatic so 
long as the ends of the vent conduit are exposed to air. However, in some cases the 
surface tension between ink residing in the drain conduits (and sometimes in the vent 
conduits) and the conduit walls may be greater than the capillary forces trying to pull 
ink downward from the ink tank. In this condition, the capillary forces are not 

30 sufficient to initiate fluid flow in the drain conduit. As a result, a stagnant ink condition 
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may exist that prohibits ink flow into the cartridge and cannot be overcome without 
imposing some type of externally applied force to the refill system. The use of a 
pressure member in association with the ink tank can alter a pressure condition in the 
ink thereby providing the necessary intervening force to initiate ink flow in the drain 
5 conduit (and possibly clear ink out of the vent conduit). Either increasing or decreasing 
pressure in the ink tank with the pressure member can initiate fluid flow, in particular 
ink flow, in the conduits. 

The use of a small pump member (for example, compressible member 58 
shown throughout Figures 1-18) to create a change in pressure in the ink tank of the 

10 upper housing member of the ink refill apparatus addresses the needs of the gravity 
based refill system as set forth above. In a more broad view of the present invention, 
the invention may be practiced without individual pump assemblies and compressible 
members. For example, the upper housing or discrete portions of the ink refill 
apparatus such as portions of the outer wall of the upper housing may be made of a 

15 pliable, resilient material that facilitates "squeezing" of the ink tank by a user, thereby 
changing a pressure condition in the ink tanks to initiate ink flow in the drain conduits. 
Such an ink refill apparatus 112 (see Figure 19) may be easily formed by merely 
changing the materials or the material thicknesses used in an upper housing 130 of ink 
refill apparatus 1 12 so as to provide some portions of the upper housing 130 that are 

20 more resilient and deformable than other areas. The changed materials or material 
characteristics may be localized in discrete areas, for example, as represented by 
compression areas A, B, C in Figure 19. These compression areas A, B, C may be 
engaged in a direction indicated by arrows D, E, F, respectively by a user to vary the 
pressure in an ink tank of apparatus 112. Such modifications could be made to the ink 

25 refill system shown and described in U.S. Patent No. 6,347,863, which patent is 
incorporated herein by reference in its entirety. 

The above specification, examples and data provide a complete 
description of the manufacture and use of the composition of the invention. Since many 
embodiments of the invention can be made without departing from the spirit and scope 

30 of the invention, the invention resides in the claims hereinafter appended. 
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